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interest for reasons besides its status as a potentiallyrandom sample of splittail was preserved in 4% form-
threatened endemic: 1) It is consistently one of thealdehyde solution. In the laboratory, preserved
most abundant species in many of the brackishspecimens were measured and weighed. Scales were
sloughs of the estuary (Moyle and Daniels unpubl, removed from 210 randomly selected fish, from the
data; Caywood 1974), 2) most other cyprinids arearea above the lateral line, caudad to the posterior-
exclusively freshwater species, rarely found in brack-most point of the pectoral fin. These scales were
ish waters, 3) its life history patterns reflect adap- mounted on glass slides and projected on a mi-
tation to an environment in which drought and floodcrofiche reader screen. Measurement and back-
occur episodically, and 4) it supports a small but lo-calculation follow Tesch (1968). A condition factor
cally important hook-and-line fishery (Caywood (K --- wtJSL(3 X I(P)) was calculated for each fish
1974). (Tesch 1968). Gonads were removed and weighed;

fecundity was determined by weighing three sub-

Methods samples from each prespawning ovary, counting the
number of ova present in each subsample, averaging,

Fishes were collected in the Suisun Marsh betweenand multiplying by total gonad weight. Stomachs
January 1979 and January 1982, using 2.5 m otterwere removed; contents were separated, identified,

%~’~
beach seines. The Suisun Marsh is the largest con-items was measured. In April 1979, fish were collect-
trawls (mesh at cod end 6 mm bar) and 3 mm barand weighed. When possible, the total length of prey

. tiguous tidal marsh on the eastern Pacific coast (Fig.ed over a 24-h period for a feeding habit study. Full-
1). It comprises 34,000 ha of mars!!and, sloughs, andness indices (Windell 1968) were calculated for each

~.%x~r shallow bays (Moyle et al. 1982a). At each locality, fish as an indirect ofmeasure activity.
¯ salinity (%o), water temperature (°C), secchi depth, Several statistical techniques were used. One-sided

and turbidity were recorded. Standard length (SL)t-tests were used to compare means between two
was measured on alI fish captured; for most months agroups; one-way analysis of variance was used to



compare means among three or more groups (Rem-grow again and added about 10 mm/mo during the
mington and Schork 1970). Wilcoxon sum of ranks ornext growing season. During the remaining 3 yr, fish
Kruskal-Wallis tests were used to compare indicesadded 5-7 mm/mo in length. These results were cor-
(Sokal and Rohlf 1981). Regression lines were corn-roborated by back-calculating fishlength from scales
pared using techniques in Neter and Wasserman(Table 1). Annuli were formed in March 1979 and in
(1974). late February 1980 in most specimens. Back-

calculated growth rates were similar within the first
Results and Comparisons and second age groups in 1979 and 1980 [age group

0: F = 2.78 ( Fi0.gs; 2.~2,; age group 1: F = 0.8 ( F~0.gs; 2.
Age, Growth, and Condition ~a)] but differed in the third age group [F = 20.7 >

F~0.9~;z~e]. Growth increments determined from back-
Young-of-the-year splittail appeared in samples incalculation also were not significantly different

lateMay1980andearlyJune1981withameanof32between drought years (1976-77) and wet years
mm SL in both years (Fig. 2). Lengths ranged from 23(1978-80) in the fin’st two age groups (age group 0: t =
to 54 mm. The back-calculated length for scale for-0.2 < t0.9~; age group 1: t = 1.0 (t0.~). These growth
marion was 22 mm. Splittail grew at about 20 mm/morates are similar to those found by Caywood (1974) in~ FiSl through September, then that rate decreased to ~5

the upper Delta. The largest fish encountered in this
~ mm/mo through February. In March fish began tostudy was 387 mm SL, which is approximately the

Februa~’y 1979
n,337

20.

30 n=329

20"     Augus~ 1979

0.
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TABLE l.--Mean back-calculated standard length (mrn) and 95~ confidence intervals at
successive annuli for splhtail taken in the Suisun Marsh, Calif.. 1979-80.

3 29 110.8±4.5 170.2d:5.3 218~9d:5,0
4 20 115,7~8.3 162.4+9.0 211.1+6.4 249.7±6.2
5 8 109,4d: 12.2 167.3:1:15.2 213.4+12.4 253.1+14.1 286.8±12,4

~ 111.4 171.2 215.4 250.6 286.8

Increment 59.8 44.2 35.2 36.2

same maximum size encountered by Caywoodgrowth began to increase in the autumn at about the

~ (1974). No sex-related differences in growth weresame time somatic growth declined. Ovaries in-
~ Fis~ detected (t-test, a = 0.05). creased in size until April when they account for 18%
¯ Monthly mean condition factors of mature fish of the body weight; testes reached their greatest size

varied little throughout the year (Table 2). Mean con- in March, April, and May, but never accounted for
dition factors were significantly higher in femalesmore than 2%. of body weight. Splittail spawned in
during the months preceding spawning (t-tests, a=late Aprilor early Mayinthemarsh. Caywood (1974)
0.05); sex-related differences were not significant infound that spawning in the upper Delta occurred be-
other months. The condition factors of immature fishtween early March and mid-May (in 1973 and 1974).
generally were not significantly different from thoseYoung-of-the-year fish appeared in our collections in

~ of mature fish (t-tests, a = 0.05). Between-year dif-late May or early June at 22-40 mm SL; at this size
ferences in mean condition factors were not signifi-they had absorbed the yolk sac and were free
cant in mature fish. However, immature fish of theswimming.
1978 year class (immediately postdrought) had meanThe fecundity (F) of 20 fish > 175 mm SL collected
condition factors significantly higher than those offrom January through March ranged from 17,500 to
the 1979 year class in March (t = 4.81 > t0.99) and266,000 ova. Mean number of ova per gram body
April (t = 1.73 > t0.9.0. weight (Wt) was 408; in this sample the relationship

between number of ova and body weight was F= 457)URBhN, R. W. LANG’
:e, Merluccius bilinearl T~LE 2.--Mean monthly condition (Wt)
daily rations factors of splittail from Suisun Marsh, Fl.lS at P = 0.05). They averaged 600 ova/mm SL.

ER C., and C]~/~]~]~i
forCalif"December.1979"80" No data are available

The relationship between fecundity and SL was F

e’andsurvivalofPmzda
0.01 (SL)zg~ (log-log transformation r = 0.536; F =

~. Month Fern*I. Mile Imm,,~re 7.25 > Fins at P = 0.05). Fecundity increases with

~-, KEI~P~ ~’. ~j~,~j
a ....~ 2~.o 20., ,9.9 length and weight; both adequately predict

~b
February 22.1 21.5 19.7
March 20.5 19.~ 20.g fecundity.

enzo(a)Pyrene on the ~,, 2o.~ ~g.6 20.4 The onset of spawning appears to be associated;ces, Atherinidae) Mo~ 20., I~.~ 19.5¯ .- J~,e ,9.~ 19.s 19.2 with increasing water temperatures and increasingd JAMEs D. McCLE~
J~,~ ~9.s 1~.9 2,.2 daylength; duringthe spawningperiodtherewere no’a leptocephali
~,,, 2o~ 19.1 20.2

~’~;- S,p~,m~e, ,g.~ ,s.s ,g.4 changes in turbidity or salinity. The success of the
tobenus rosmarus, fe~ ~ .... b,r 2’.0 20.5 2’.~ spawn was correlated with river outflow (Table 3).

Caywood (1974) captured ripe splittail in the upper
~ ~- "~L~’~/’~ ]~~,’~"~: end of a freshwater slough, in association with recent-

ly flooded vegetation. It is possible that splittail~p~rison of gray Whale.         Reproductive Biology                            spawn on vegetation.
~]ifornia             .

dGARR~’~di~i Sacramento splittail were mature by their secondYear Class Strengthe the Hawaiian snappe
winter, at minimum lengths of 180-200 mm; both

peciesassociations an~ males and females matured at the same age.The percent of each year class in the catch varied
ponge-cora| habitat, S~ Caywood (1974), however, noted that a small percent-(Fig. 3). The 1978 year class was extremely strong
HN V. MERRINER. ] ageofthemalesbecamesexuallymatureat the end ofand dominant through the 1980 summer. The 1979
oPs’°ffNorthCarolina their first year and a small percentage of the femalesyear class was never strong and never clearly
~ARD E. DeMARTIN.
! abundance ofthepela~

did not become mature until their third year. Gonadaldominated a monthly sample. Instead it remained
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TABLE 3.--Splittail reproductive success, outflows of the Sacramento River at Chipps Island, Calif., and the correlations between them (*
P < 0.05,** = P < 0.01 ), Abundance index is based on the strength of the year class, by percentage of sample (I = weak, 3 ~ strong). The index
is derived from the collection data of this study, from California Department of Fish and Game unpublished records, and Caywood (1974).

Abundance Annual

1969 3 5 11 26 123 159 94 69 65 47 13 12 20 644
1970 2 19 20 46 193 111 56 11 11 6 5 8 15 501
1971 2 13 26 85 64 34 32 37 26 21 12 13 20 383
1972 1 14 14 24 21 22 18 7 5 3 6 6 10 150
1973 2 12 26 27 11 102 77 22 12 7 5 6 11 318
1974 3 14 60 76 139 59 78 109 26 17 9 13 21 621
1975 2 19 24 28 17 57 67 35 29 23 11 10 13 333
1976 I 17 18 20 9 7 8 9 4 4 4 5 3
1977 1 4 4 4 4 5 3 3 4 3 3 3 3 43
1978 3 2 4 9 64 54 84 60 41 9 4 6 12 349
1979 2 10 11 9 30 44 37 14 13 5 5 4 5 187
1980 3 8 12 19 118 122 99 29 21 15 11 4 10 468
1981 1 6 5 12 13 20 21 10 9 5 5 2 4 112

flowwdhmdex --O,215 0316 0.285 0,655" 0.720" 0.924" 0,786"" 0.765-° 0.600°-
0,553" 0,511 0,682" 0.864°°

~ FisI relatively c°nstant’ representinga0"50~ °f the F’ed’ng
* catch. The 1980 year class did not begin to dominate,r

monthly samples until the disappearance of the 1978 Splittail prey upon a variety of organisms but de-
year class in November 1980. The 1980 year classtritus dominates gut contents (Table 4).A smallpart
remained dominant from that date to the end of theof the gut content was unidentifiable animal matter.
study. The importance of the 1978 year class was in-Neomysis mercedis was the dominant prey item, and
dicated by the significant negative correlationcrustaceans accounted for almost 85c~ byvolume of
(P < 0.01) between catch per minute and number ofthe animal portion of the diet. Neomysis mercedis
months that had elapsed since the beginning of ourdominated the diet seasonally and through a diel cy-
study, cle. Annelids, molluscs, insects, and fish completed

Data for 1969 through 1974 from Caywood (1974) the prey list; all were relatively unimportant com-
and for 1972 through 1978 from the Californiaponents. These results are in contrast to those of
Department offish and Game (CDFG)(D. Kohlhorst Caywood (1974) who analyzed three collections of
unpubl, data) also show strong and weak year classessplittail from the upper Delta. He found the domi-
in sp]ittail. These data sets are not strictly compa- nantanimal matter in the stomachs to be clams (Cor-

OURBIN,M~,.__R. W. LANG: rable with ours because different methods were usedbicula manilensis), amphipods (Corophium spp.),ke,il,--e""CCms bilinearL
to capture the fish and because Caywood’s samplescopepods, and dipteran larvae and pupae. In a sam-

da..jorations :" "-. --- were not from the Suisun Marsh. However, the con-ER ~., and CHARLE~ sistency of the patterns in the data from two sources’e, and survival of Panda.
t .. on the same years (1972-74, 1977-78) allowed us toTABLE 4.--Prey items taken by 635 splittail collected from the

..... rank year class strength from weak to strong, on a 1 to
Suisun Marsh, Calif., 1979-80.

L., KEI
3 scale (Table 3). Although the use of such a scale is o~ ........ Volu~e delrlltt~/substr.~e

f benz °f a) Pyrene- on the likely to bias an analysis against finding significant    ~t.,~.u~..~.              7~        5~        -

sces,d Atherinidae) ....
correlations (Thorndike 1978), strong positive cor-~ol~l,~= 1 <1 <1

JAMEs D. McCLEA relations (P < 0.01) were nevertheless found be- 2 3
la leptocephali O~,9o~b,,te= 1 <I 1

tween year class strength and outflows in February,Mo, .... 1 <1 <1",’RN.SLATTE Marc.h, April, and May, as well as with total outflows..
rosmarus, fee Splittail may spawn on flooded vegetation in March o,~., ~o~.~o~, ~ 2

........ ~.;, ~,~        . and April. Thus, wet years, such as 1974 and 1978,Clad ....... 1 ,
RN. SLA show extremely large year classes that remainedco~o~,~,,~,,, 8 9
nparison of gray Whale o,~., ,=~h,~od=

abundant for several successive years. During~=o~o~, <1 1

a|iforniad .:2~ ""
drought years, such as 1976 and 1977, nearly com-c...~, a 1GARR~.I.T. ~I}~,~ plete year class failures occurred. CDFG collectedPo~o .... <1 <1e the Hawaiian ~,,e~t, 1

snappez only one young-of-the-year in 1976 and none in 1977.Colte~.~l, 1 <1~ec.esn; associations and              Our samples in January-March of 1978 yielded only    co,eo~,.,.                 1                 <1

;P°nge’coralhabita large adults, none of which was from the 1976 or 1977r,=, ,
’HN V M~ ....

t., So ~ 3
¯
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ple of splittail taken in a flooded pond, however, thesources of food. The periodic fall in water level
main food was earthworms (Lumbricus sp.). The simultaneously concentrates prey in the remaining
types of prey consumed indicate that splittail are bot- shallow water and excludes large predatory fishes.
tom feeders. Feeding activity, inferred from fullnessAvian and mammalian predators are thwarted in all
indices, was greatest during morning and early after-but the most shallow water by its turbidity.
noon. The mean fullness index for fishes collectedTolerance to relatively high salinities is unusual in
from 0600 to 1400 was 5.4, the mean index for fishescyprinids although tolerances similar to that of split-
collected at 1800 and 2200 was 2.3. There was atail have been recorded for carp, Cyprius carpio, and
seasonal difference in fullness indices of fishespeamouth, Mylocheilus caurinus (Scott and Cross-
collected midday (Kruskal-Wal]is X2 = 28.9 >X~0.99).man 1973). It is likely that salinity tolerance in split-
The greatest mean index (2.8) was calculated fromtail increases somewhat with size, as many large (200
fishes collected during the summer. Mean autumn,mmSL+) adultswere collected fromthe more saline
winter, and spring indices ranged from 1.3 to 1.8. areas (>8%o).
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(editors), Gutshop ’81, p. 178-184, Univ. Wash.,~-the Hawaiian snapper The small shallow sloughs lined with emergent Seattle.

pecies associations and vegetation inhabited by splittail offer protection MOVLE, P. B., J. J. SMITH, R. A. DANIEl.S, AND D. M. BALTZ.

POnge-coral habitat, So from larger piscivorous fish and provide abundant 1982b. Studies on the distribution and ecology of stream
PIN V. MERRINER. R
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fishes af the Sacramento-San Joaquin drainage system, of no such study of a wild population of Macro-
IV. A review. Univ. Calif. Publ. Zool. i 15:225-256. brachium species.

NETER, J., ANDW. WASSERMAN.
Macrobrachium faustinum inhabits freshwaters1974. Applied linear statistical models. R. D. Irwin. Inc.,

Homewood, Ill., 842 p. throughout the Caribbean area and in Florida (Chace
REMINGTON, P,.. D., AND M. A. SCHORK. and Hobbs 1969). In Jamaica it is the most common,

1970. Statistics whh applications to the biologicsl and health eurytopic, freshwater shrimp, inhabiting both slow-
sciences. Prentice-Hail, Inc., Englewood Cliffs, N.J., flowing rivers and marshes in low lying areas, and fast-
418 p.

SCOTT, W. B., AND E. J. CROSSM^I~. flowing streams in hilly regions (Hunte 1978). In the
1973. Freshwater fishes of Canada. Fish. Res. Board Can.,former, M. faustinum supports trap fisheries; in the

ottawa, 966 p. latter it is fished either by hand or by turning over
SO~L, R. R., AsDF. J. ROnLF. stones and allowing the shrimps to be washed into

1981. Biometry: The principles and practice of statistics in baskets. Although this fishery is pursued part time bybiological research. W. H. Freeman, San Franc., 859 p.
S~\’E.~’s, D.E. children and men after work, these and othar shrimps

1980. Factors affecting the striped bass fisheries of the westfrom small rivers are an important dietary compo-
coast. In H. Clepper (editor), Proceedings of the Fifth nent in an area where protein is scarce and expensive.
Marine Recreational Fisheries S)+nposium, p. 15- In this paper we describe the bionomics ofM. faus-28. Sport Fish. Inst., Wash., D.C.

~ TESCH, F.W. tinum in a high-gradient stream (Cane River,

assessment of fish production in fresh waters, p. 93- population fecundity.
* 123. Blackwell Sci. Publ., Oxford.
,~" THORNDIKE, R. M.

1978. Correlation proced~ces for research, Gardner Press, Description of Study Area
Inc., N.Y., 78 p.

W~DE~, J.T. Cane River (lat. 17°58’N, long. 76°44’V~ flows into
1968. Food analysis and rate of digestion. In W. E. Ricker the Caribbean Sea on an exposed south shore (Fig.

(editor), Methods for assessment of fish production in I). There is no protected bay at the river mouth, and
fresh waters, p. 197-203. Blackwell Sci. Publ., Oxford.

the estuary is small. Altitude at the source is about

~ ROBi~:RT A. D^NIE~ 650 m, total length about 10.2 km, overall mean width
New York State Museum 2.3 m, and mean depth about 9.4 cm. The width and
BiologicolSureo" depth vary markedly with seasonal rainfall. Cane
Cultural Education Center. Room 3132 River is a characteristic high-gradient stream inAlbany. NY 12230

Jamaica. The water is clear and fast-flowing with a
PETER B. MOYLE     high oxygen content and a rocky bottom devoid of

Deportment of Wildlife and Fisheries Biology macrovegetation. Mean oxygen concentration along
University of Cali]brnia the river was 8.5 mg/1, mean pH 7.3. Mean tempera-9URBLN, R. W. LANG:
Davis. CA 95616~e, Merluccius bilinear£

tureattheextremelowerlimitoftheriverwas25.4°C

ERdailYc.,ra tions~" "-- .-- v~th a m ran daily range of 8.6° C and a mean seasonal
and CHARLF,~ range of 4.2°C. Corresponding temperature values ate, and survival of Panda

the extreme upper limits were overall mean 21.7°C,t .
0 " ............. mean daffy range 8.7°C, and mean seasonal range
-", KEITH L. DUNCA:~
fbenzo(a)pyrene on the 3"4°C’gravel, Thesand,riverand bedmud consistedover rock.°f stones, pebbles,
sces, Atherinidae) .... LIFE HISTORY AND EXPLOITATION OF
d JAMEs D Mc MACROBRACH1-UM FA UST1NUM IN
’a " CLEA A TROPICAL HIGH-GRADIENT RIVERleptocephali Materials and Methods

tObenus rosmarus, fe)~e Macrobrachium spp. are widely distributed in tropi- Shrimps were collected using a combined Surber
cal freshwaters where they often support commercialsampler (Moffett 1936; Surber 1936) and Box sampler

.~N.~’~F~’~-’" *, or artisanal fisheries (Holthuis and Rosa 1965;(Berg1938).Itconsistedofasquareframeof0.25m~

/~,~ Holthuis 1980). StudiesofexploitedMacrobrachiumwith four legs protruding 5 cm below the frame andaparison of gray whale,
stocks have been carried out in large, low-gradient40 cm above it. Net (1 mm square mesh) enclosed the~lifornia

d GARR~’~I "~vI’I~fk~ rivers in Liberia (Miller 1971), India (Rajyalakshrni sampler on three sides. Flaps of net under all foure the Hawaiian Snappe*
and Ranadhir 1969), and the Philippines (Rasalan etsides of the frame served as a seal between the frame

pecies associations and aL 1969), but do not provide the bionomic informa-and the substrate. On the fourth (downstream) side,
tion necessary for a quantitative assessment ofthere was a detachable collecting net 80 cm long with:P°nge-coral habitat, So
the response of the stocks to exploitation. We knowa mouth 50 X 40 cm (1 mm square mesh).HN V. MERRINER. I~

9ps, off North Carolina
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